The gene encoding human proteolipid protein (PLP) was isolated from a human genomic library by hybridization with labeled DNA of a PLP-specific cDNA clone. The entire PLP gene spans approximately 17 kilobases. Restriction and sequence analysis revealed seven exons and six introns. The entire nucleotide sequences of the exons and of the exon-intron transitions were determined, and the intron lengths were measured. Exon I includes only ATGG of the translated region, the N-terminal methionine codon and G of glycine, the first amino acid of mature PLP. Each hydrophobic trans-and cis-membrane domain of PLP together with its adjacent hydrophilic sequence correlates closely with one exon of the gene except for the C-terminal transmembrane helix that is encoded by two exons. The amino acid sequence of human PLP derived from the nucleic acid sequence is highly conserved. Human and rat PLP are completely homologous, whereas only four amino acid residues are exchanged in bovine PLP sequence derived from protein sequencing and a partial cDNA clone. Homology search on the nucleic acid level among human, bovine, and rat brain PLPs indicates an unusually high homology in the coding regions. Hybridization analysis with DNA of human-rodent hybrid clones revealed that the gene encoding PLP segregates with human X chromosome in the region q13-q22.
Proteolipid protein (PLP; lipophilin, Lp) is the primary constituent protein of myelin in the central nervous system. Protein sequence studies on bovine and human.PLP have revealed a 276-amino acid polypeptide with five strongly hydrophobic domains (1-3) that interact with the lipid bilayer as trans-and cis-membrane segments (3) . Rodent PLP cDNA was recently cloned in our laboratory (4) as well as in two other laboratories (5, 6) , and bovine PLP cDNA was cloned by a fourth group (7) .
Here we report on the molecular organization of the human gene encoding PLP. The gene is about 17 kilobases (kb) in length and consists of seven exons and six introns. Exon I encodes only methionine, the N-terminal amino acid residue of the unprocessed primary translation product of PLP. Exons II, III, IV, and V all correlate with one hydrophobic domain and the adjacent hydrophilic connecting sequence defined at the protein level. Only the C-terminal transmembrane sequence is encoded by exons VI and VII. The latter also contains the hydrophilic C-terminal sequence ofPLP and the 3' untranslated region.
Southern blot hybridization analysis of restricted DNA from human-rodent cell hybrids led to the mapping of the PLP gene onto the X chromosome. The shortest overlap suggests that the gene location is in the region ql3-q22 near the locus for 3-phosphoglycerate kinase.
MATERIALS AND METHODS
The X bacteriophage EMBL3 library and Escherichia coli strain NM539 were provided by A. M. Frischauf (European Molecular Biology Laboratory, Heidelberg, F.R.G.) (8) .
Hybridization Probes. Rat PLP cDNA clone pLP1 contains a 2585-basepair (bp) insert in the Pst I restriction site of plasmid pBR322 (4) . The complete clone pLP1 and its 1500-, 640-, and 480-bp Pst I fragments were nick-labeled (9 The agarose gels were alkali-denatured (0.5 N NaOH, 1.5 M NaCl for 45 min), neutralized (0.5 M Tris-HCl at pH 7.5, 1.5 M NaCl for 45 min), and blotted onto a GeneScreenPlus membrane (New England Nuclear) with 10x SSC. The membrane was hybridized with the respective radioactive probes, either the 32P-nick-translated Pst I fragments of pLP1 or 5'-32P-labeled oligonucleotides with specific activities of about 5 x 106 cpm/pmol at 1 pmol/ml according to the GeneScreenPlus manual.
DNA Sequence Analysis. Restriction fragments were sizefractionated by agarose gel electrophoresis (0.7% in TBE buffer), transferred onto DEAE filter membrane (NA 45, Schleicher & Schull) by electrophoresis, and eluted with 1 M NaCl in the presence of 1% arginine. Nucleotide sequences were determined by plasmid sequencing of restriction fragments cloned into the polylinker sequence of pUC13 with the M13 sequencing and M13 reverse-sequencing primer (New England Biolabs) (11) . PLP-specific heptadecameric primers were synthesized by the solid-phase phosphoramidite method on an automated Applied Biosystems synthesizer (Model Abbreviations: PLP, proteolipid protein, kb, kilobase(s); bp, base pair(s).
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RESULTS
Human PLP Genomic Clones. Two genomic PLP clones, EMBL3-LP6 and EMBL3-LP7, were isolated from a genomic library cloned into phage X EMBL3 (8) . Approximately 7.5 x 105 plaques were screened with nick-labeled DNA derived from the PLP cDNA clone pLP1 (4). N-terminal part of rat cDNA (5, 6) was synthesized (probe b). After sequencing, it became obvious that exon II does not cover the complete coding 5' end of the gene but begins within the codon for the first amino acid of mature PLP. An additional oligonucleotide had to be synthesized for identifying exon I (probe a), which could be found in a Pst IlEcoRI fragment 8.8 kb upstream of exon II. Fig. 2 shows the combined exon sequences with joining intron borders and the untranslated regions of the 5' and 3' end.
The Human Genome Contains Only One Gene Encoding PLP. The existence of an additional PLP gene is unlikely: when human leucocyte DNA is digested with the restriction enzymes EcoRI, Pst I and HindIll, no fragment can be found in Southern blot hybridization analysis (Fig. 3A) that does not also appear in the PLP gene integrated into the two clones A EMBL3-LP6 and EMBL3-LP7 (Fig. 3B) . It is improbable that a second PLP gene carries exactly the same restriction sites.
Human Gene Encoding PLP Segregates with the X Chro- ized with the gel-purified and nick-labeled 1.2-kb C-terminal EcoRI fragment. The 9.3-kb BamHI and the 1.2-kb EcoRI fragments were taken as test markers for human PLP. The result of the Southern blot hybridization analysis (Fig. 4A) is given in Fig. 5 . The human PLP gene clearly segregates with the X chromosome in the panel of human-rodent somatic cell hybrids. The smallest overlapping region is at Xql3-q22 near the 3-phosphoglycerate kinase locus. This agrees with a recent report (13) .
DISCUSSION
The data presented here demonstrate that human PLP is encoded in a single 17-kb gene. The coding region is contained in seven exons separated by six introns. We obtained the complete nucleotide sequence of the human PLP mRNA by combining two genomic clones of a X phage EMBL3 library. The two clones overlap in exons IV, V, VI, and VII. The 5' end of the gene, the coding sequences spread over the seven exons, and the 3' stop codon as well as the 3' untranslated region could be determined unambiguously by comparison with the cDNA nucleotide sequences elaborated previously (4) (5) (6) . A striking feature is the complete homology of the amino acid sequence of rat myelin PLP derived from the cDNA sequence and the human primary protein structure derived from the exon sequences in the human genomic clones. The homology of the human and rat PLP coding nucleotide sequences is >97%.
Exon I contains the 5' untranslated region of human PLP mRNA and the 5'-G of the triplet for glycine, the N-terminus of mature PLP, that is preceded by a methionine codon in the primary translation product. As far as rat PLP is concerned, there is no evidence for a signal peptide (6, 17) . For human PLP the sequence of exon I led to the same conclusion: following the ATG of methionine upstream according to the reading frame, a nonsense codon (TAG) is found at position -42 (Fig. 2) . Between these two codons there is no further ATG. This suggests that the primary translation product contains only methionine in addition to the mature sequence.
The only possible promoter element can be found at position -113 (TAAAA), which is 61 bases downstream from a sequence with a high homology to the classical CAAT box (18) . The highly homologous 5' end of rat PLP mRNA extends over the "TATA" box-like element (TAAAA) (6 (Fig. 6) , like the C-terminal trans-membrane domain of the low density lipoprotein receptor (19 Fig. 4A. (B) The solid parts of the eight bars to the right indicate the portion of chromosome X contained within the respective hybrid clone ofA. Presence or absence of PLP is indicated by + or -. The smallest overlapping region is at ql3-q22. 
